ABSTRACT. Thirtyeight marine invertebrates, including molluscs, echinoderms, polychaetes and several minor taxa, have been added to the previously described benthic macrofauna inhabiting Cambridge, McBeth and Itirbilung fiords in northeastern Baffin Island, Northwest Territories, Canada. The fiords lie fully within the marine arctic zone and organisms exhibiting panarctic distributions constitute the majority of species collected from them. Macrobenthic associations recorded in the fiords are comparable, both with respect to species composition and habitat, to benthic invertebrate associations occurring on the Baffin Island continental shelf and in east Greenland fiords, reflecting the broad environmental tolerances of the organisms constituting the benthic associations. Deposit-feediig organisms dominate the fiord macrobenthos, notably nuculanid bivalves, ophiuroid echinoderms and elasipod holothurians. The foraging and locomotory activities of these organisms may influence benthic community structure by reducing the abundance of sessile and/or tubiculous benthos.
INTRODUCTION
The benthic macrofauna inhabiting the fiords of eastern Baffm Island has been the subject of several recent studies (Aitken et (Fig. 1) . These authors conducted a reconnaissance benthic sampling program within the fiords as part of the sedimentology of Arctic Fiords Experiment (SAFE) organized by the Geological Survey of Canada (Syvitski and Schafer, 1985) . Syvitski et al. (1989) recognized several benthic macrofaunal associations within these three fiords; these are, in order of depth, the PortZandia association (mean depth 55 m), the Onuphid association (mean d e p~ 272 m) and the Maldanid association (mean depth 418 m).
The work of Curtis (1972) and Dale et al. (1989) indicates that diverse mollusc, polychaete and echinoderm populations, as well as a variety of minor phyla, inhabit canadian arctic fiords.
In light of this information, the authors reexamined the benthic material collected from Cambridge, McBeth and Itirbilung fiords by Syvitski et al. (1989) with the goal to 1) refine the systematic study of the benthic organisms in the collections and 2) to further our understanding of the zoogeography and ecology of benthic organisms inhabiting the fiords and continental shelf of Baffin Island. As a result of this research, 15 species of molluscs, 4 species of echinoderms, 17 species of polychaetes, a sponge, an ascidian, a sipunculid and a priapulid have been added to the benthic macrofauna described previously from Cambridge, McBeth and Itirbilung fiords.
PHYSICAL ENVIRONMENT
The physical environment of eastern Canadian arctic fiords differs significantly from the fiord environments of western North America and Europe. The restricted circulation and associated low levels of dissolved oxygen that characterize the latter (Syvitski et al., 1986) have not been observed in Baffin Island fiords (Dale et al., 1989) . Circulation occurs throughout depth, largely via isohaline circulation and wind-induced mixing (Gade et al., 1974; Perkin and Lewis, 1978; Neilsen and Ottesen-Hansen, 1980; Gilbert, 1983) ; thus these waters are oxygen rich (Table 1) and support a diverse benthic macrofauna.
The distribution of water masses within the fiords and over the continental shelf of eastern Baffii Island directly influences the distribution of arctic marine invertebrates (Grainger, 1954 (Grainger, , 1955 Macpherson, 1971; Lubinsky, 1980) . Several distinct water masses occur along the eastern Baffin Island coast. A seasonally variable shallow water mass develops in July and August from the mixing of Baffin Current water with freshwater from rivers and melting sea ice. The temperature of this water mass ranges from 0°C to 8°C and the salinity ranges from less than 2Ooh to 3 O o h (Ellis, 1960; Fissel et al., 1981) . This shallow water mass develops to depths of 5-60 m within the fiords (Gilbert, 1978; Trites, 1985) and 50-100 m depth across the continental shelf (Ellis, 1960; Fissel et al., 1981) . The nearshore habitat is defined to be those areas influenced by this seasonally variable shallow water mass.
The Baffin Island Current lies below the shallow surface wate mass. It is formed by cold, low-salinity water (-1.8"C to 1.8"C; < 30.0-34So/bo; Dunbar, 1951; Meunch, 1971 (Meunch, 1971) . Trites (1985) reported Baffii Island Current water at depths as great as 325 m in Baffin Island fiords. The inner shelf habitat is defined to be those areas influenced by the Baffin Island Current.
The Greenland Current flows below the BaEn Island Current. It is a relatively warm, saline water mass (0-2.00C, 34.2-35960; Bailey, 1957; Meunch, 1971) forming a warmer bottom layer at the greatest depths in the fiords (Trites, 1985) . The outer shelf habitat is defined to be those areas influenced by the Greenland Current.
Mixing of arctic and Atlantic water masses occurs across a broad front extending from Padloping Island (67"N) on eastern Baffin Island to Thule (7TN) on western Greenland (Fig. 1) . The region occupied by waters of mixed arctic and Atlantic origin is known as the subarctic marine zone (Dunbar, 1951) . The boundary between subarctic and boreal waters is established at the point of farthest penetration of arctic waters (Dunbar, 1951 Fig. 2, p. 235) . The marine invertebrates were recovered from the sediments retained in a single 40 cm X 40 cm Van Veen or Shipek sampler at each grab sample station. The shallow prodelta at the head of McBeth Fiord was sampled with a 24 cm X 24 cm Ekman grab sampler operated by hand from a launch. The marine invertebrates were recovered from a single grab at each of 7 stations at this location. Approximately 5 % of the total volume of sediment retained in the grab samplers was removed for other analyses and the remainder was seived through a 2 mm screen. Marine Organisms retained on the screen were picked onboard ship and preserved in formalin ( 10 % formaldehyde in seawater). All the organisms identified by the present authors are based on the examination of specimens recovered from the sieves. In their original study, Syvitski et al. (1989) converted the number of animals recovered in the grabs to individuals*m-2 ( Table  2) . These data were employed to calculate the relative abundance of marine invertebrate taxa reported in this study.
Underwater photographs were taken by a stereo Benthos camera system triggered by a compass bearing weight. The area photographed was 1.7 m X 1.2 m. In their original study, Syvitski et al. 
Portlandia Association
The Portlundia association occurs on soupground substrates, consisting of underconsolidated mud and sand, which develop in areas of rapid sedimentation at the heads of McBeth and Itirbilung fiords (Dale et al., 1989) (Fig. 2) . This benthic association is characterized by the presence and abundance of P o r t M i a arctica, maldanid polychaetes (e.g., MaMane sarsi) and ophiuroid echinoderms ( " " " " " " " " " " " " " " " " " sofiground substrates, while the Maldanid association occurs on substrates largely free of gravel.
Mean

Onuphid Association
The Onuphid association occurs at the head of Cambridge Fiord and on the outer sill in Itirbilung Fiord (Fig. 2) . This benthic association is characterized by the presence and abundance of onuphid polychaetes (e.g., Nothria conchylega), maldanid polychaetes, the bivalves YoMiella intennedia and Yoldiella lenticula, ophiuroid echinoderms and agglutinated foraminifera ( Table 5 ). The species composition of the Onuphid association resembles that of a variety of benthic invertebrate associations inhabiting mud, sand and gravel substrates associated with arctic waters ( Miller, 1979) in Frobisher Bay (63'N), 8750 f 100 a BP (GSC-2508; Miller, 1979) on northern Hall Peninsula (65'N), 8230 f 160 a BP (Gak-3090; Andrews and Miller, 1972) in Narpaing Fiord Ameliorated marine climates persisted throughout the interval ea. 5500-3000 a BP, culminating with the appearance of Macoma balthica in postglacial marine deposits on eastern Baffm Island (Andrews, 1972) . Subsequent deterioration of the mdrine climate of Baffin Bay coincided with the expansion of glaciers on Baffin Island over the last 3000 years (Andrews, 1972; Miller, 1973; Dyke, 1979) and the retreat of subarctic TABLE 4. Continued molluscs southwards along the Baffin Island coast. It is most probable that the live specimen of Chlamys islandica, sampled at the head of Cambridge Fiord, is derived from a relict population isolated during the southward retreat of subarctic molluscs described above.
New bathymetric records for the eastern Canadian Arctic are recorded for the bivalves Dacridium vitreum and Yoldiella lenticula among the organisms constituting the Onuphid association (Table 6 ).
MaManid Association
The Maldanid association occurs on muddy sand substrates throughout the central and outer portions of all three fiords (Fig. 2) . This benthic association is characterized by the presence and abundance of maldanid (e.g., Asychis biceps) and sabellid (e.g., Myxicola infundibulum) polychaetes, ophiuroid echinoderms, elasipod holothurians, the bivalves Axinopsida orbiculata and Bathyarca glacialis, sea anemones and agglutinated foraminifera (Table 7 ). The species composition of the Maldanid association resembles that of a variety of benthic invertebrate .associations inhabiting mud and sand substrates associated with Atlantic waters (Table 4) . Ophiacantha bidentata and Asychis biceps are represented abundantly in a polychaete-sipunculid association developed on fine sand substrates at 250-500 m depth in Lancaster Sound. Axinopsida orbiculata, Yoldiella spp., Asychis biceps and agglutinated foraminifera are characteristic species of the Foraminifera association recorded from 50 to 780 m depth in East Greenland fiords.
Bathyarca glacialis, Astarte crenuta, Gorgonocephalus arcticus and
B a f f i Island fiords
New bathymetric records in the eastern Canadian Arctic are recorded for .the bivalves Nuculana pernula and Yoldiella lenticula, the ophiuroid echinoderm Ophiopleura borealis and the sponge Tetilla sp. among the organisms constituting the Maldanid association ( Table 6 ) .
The three fiords lie fully within the marine arctic zone as defined by Dunbar (195 1); hence it is not surprising that 45 of the 52 species recorded in this study inhabit arctic waters. Of these 45 organisms, 11 are restricted to arctic waters: Portlundia arctica p o r t M i a , Cuspidaria glacialis, Dacridium vitreum, Macoma loveni, masira gouldi, Yoldiella intemdia, Yoldiella lenticula, Astarte crenata, Bathyarca glacialis, Ophiopleura borealis and Periploma abyssorum. The remaining 34 species possess a broad tolerance to higher temperatures and salinities and inhabit the marine subarctic zone as well. Many common arctic marine invertebrates are included in this group of panarctic organisms: Axinopsida orbiculata, Buccinum spp., Macoma calcarea, Musculus discors, Mya truncata, Nucula belloti, Nuculana pernula, Ophiacantha bidentata, Ophiura sarsi and ntyaSira gouldi. Subarctic and cosmopolitan species are poorly represented in the macrofaunas of the fiords. Chlumys islundica, Astarte striata, Astarte montagui and Myxicola infundibulum are among the subarctic organisms inhabiting the fiords; cosmopolitan organisms inhabiting the fiords are represented by Hiatella arctica, Maldane sarsi and Owenia fusiformis.
ECOLOGY OF THE FIORD BENTHIC MACROFAUNA
The interaction of fiord macrofaunal organisms with bottom substrates and with one another can be examined through trophic analysis (Walker and Bambach, 1974) . One method of describing the trophic structure of benthic associations employs the feeding habits of organisms (Scott, 1978) . A comparison of the trophic structure, based on organism feeding habits, of various benthic associations inhabiting eastern Baffin Island and Greenland fiords is presented in Table 8 . Deposit-feeding taxa are well represented in the fiord benthic associations and are the most abundant taxa composing the benthic macrofauna of Cambridge, McBeth and Itirbilung fiords. The foraging activities of mobile deposit-feeding taxa, notably nuculanid bivalves (Portlandia, Yoldiella, Nuculana and Nucula), ophiuroid echinoderms and holothurians, and scavenging, tubiculous onuphid polychaetes contribute to the vigorous reworking of fiord bottom sediments (Gilbert, 1982) and may influence the structure of benthic communities. Changes in sediment fabric produced by the feeding and locomotory activities of mobile benthic organisms contribute to enhanced resuspension and deposition of sediment and mortality of sessile andor tubiculous organisms (Brenchley, 1981; Wilson, 1981; Thayer, 1983) . Dale et al. (1989) noted that low abundances of sessile tubiculous polychaetes and cerianthid anemones were associated with high densities of ophiuroid echinoderms on soupground substrates in Baffh Island fiords.
Sessile, suspension-feeding organisms associated with hard substrates are restricted largely to fiord walls and sills, environments characterized by low rates of sedimentation and/or strong currents (Dale et al., 1989; Syvitski, 1989) . The presence of ice-rafted debris (e.g., gravel, boulders) on the fiord bottom (Gilbert, 1984) provides these organisms with suitable substrates for attachment in otherwise unsuitable softground substrates. These hard substrates are readily colonized by a variety of taxa associated with hard substrates:
Gorgonocephalus arcticus, ascidians, bryozoans and sponges, creating the "faunal islands" described by Dale et al. (1989) .
The data presented in Table 8 indicate that the total number of marine invertebrate taxa and the proportion of carnivorous/scavenging taxa constituting the east Greenland fiord benthos are greater than in the three Baffin Island fiords examined in this study. The differences in diversity and trophic structure may be attributed to the greater variety of gastropod, polychaete, crustacean and asteroid echinoderm taxa recorded from Greenland fiords, Many of these invertebrates are motile, carnivorous/scavenging organisms that occur less abundantly in the fiord benthos and hence may be underrepresented in the Baffin Island benthos due to the small samples recovered at each station in the three fiords (see Methods and Materials). The present study has demonstrated that the species composition of each of these macrofaunal associations is broadly similar to that of macrofaunal associations occurring over the same bathymetric range on similar substrates along the continental shelf of eastern Baffin Island and in the fiords of eastern Greenland. The similarity of benthic macrofaunal associations along the eastern coasts of Baffin Island and Greenland reflects the broad distribution of arctic and panarctic species in polar and subarctic waters.
CONCLUSIONS
Thirtyeight species of marine invertebrates have been added to the benthic macrofauna described previously as inhabiting Cambridge, McBeth and Itirbilung fiords ( Table 9) , bringing the present total to 52 species: 22 bivalves, 4 gastropods, 5 echinoderms, 17 polychaetes and 4 minor taxa.'A number of taxa, including ascidians, bryozoans, elasipod holothurians, pennatulaceans, pycnogonids and sponges, were observed in bottom photographs but were not recovered in benthic grab samples. Curtis (1972) ophiuroid echinoderms and sessile tubiculous polychaetes and cerianthid anemones on soupground substrates described by Dale et al. (1989) in Baffin Island fiords suggests that bioturbation may influence benthic community structure. Physical disturbance of Baffin Island fiord sediments by motile and/or deposit-feeding organisms has been observed in box cores (Gilbert, 1982) and on bottom photographs (Syvitski et al., 1989) . The role of common marine invertebrates such as nuculanid bivalves, ophiuroid echinoderms and onuphid polychaetes in structuring the marine benthos of arctic fiords remains to be investigated.
